Abstract: Bone formation steadily declines with age resulting in a loss of bone mass. Reactive oxygen species (ROS) are thought to be major contributors to the aging process. The zinc finger transcription factor, Early Growth Response-1 (Egr-1) is a potential regulator as a transcription factor of many target genes, and plays a role in cell growth, development, and differentiation. However, the effect of ageing on Egr-1 gene expression has not yet been ascertained. To identify which genes have an altered transcription level associated with bone loss by ageing, the pre-osteoblastic cell MC3T3-E1 was treated with H 2 O 2 , and gene expression profiles analyzed with gene chip technology using the Affymetrix GeneChip analysis system (Mouse; 34,000 genes). The expression of many genes in MC3T3-E1 was altered significantly with Egr-1 being decreased by H 2 O 2 . The reduction of Egr-1 mRNA levels was successfully confirmed by reversed transcription polymerase chain reaction (RT-PCR) and real-time PCR. Since it has been reported that Egr-1 plays an important role as a transcription factor for growth factor genes which promote cell proliferation and differentiation of preosteoblastic cells, the reduction of Egr-1 gene expression by H 2 O 2 may be involved in the decline of bone formation in the ageing process.
Introduction
Bone remodeling requires a delicate balance between bone formation and bone resorption, in which bone-forming osteoblasts and bone-resorbing osteoclasts play the central role 1) . It is well known that bone formation steadily declines with age, resulting in a significant loss of bone mass, possibly due to a decrease in osteoblast proliferating precursors or the number of preosteoblasts, or decreased synthesis and secretion of essential bone matrix proteins 2) . However, the mechanisms of bone formation decline caused by the aging process are not well understood. A current hypothesis states that reactive oxygen species (ROS), produced during normal cellular metabolism, are major contributors to the aging process 3, 4) . Recent evidence has shown that ROS may be involved in the pathogenesis of bone loss-related diseases, where a marked decrease in plasma antioxidants was found in aged osteoporotic women 5) .
We previously studied the effects of ROS on bone nodule formation activity in the osteoblastic cell line MC3T3-E1, and found that bone nodule formation was significantly reduced by H 2 O 2 treatment 6) . However, the regulatory mechanisms leading to the observation could not be elucidated, as it is necessary to use a molecular biological approach to comprehensively study the effects of ROS on bone forming activity in osteoblasts. 5) . Cells were then washed and incubated with the medium described above.
Quantitation of bone-nodule formation
For quantitation of bone-nodule formation, MC3T3-E1 cells were cultured for 21 days in the medium, after which the contents of each well was fixed for 15 minutes in 10% neutral buffered formalin and stained using a von Kossa technique.
RNA preparation
Total cellular RNA was isolated from MC3T3-E1 cells after treatment with or without H 2 O 2 using an acid guanidinium thiocyanate-phenol-chloroform extraction method 8) .
Gene Chip analysis
Antisense complimentary RNA (cRNA) derived from double 
RT-PCR and real time PCR Analysis
RT-PCR and real-time PCR reactions were carried out using a and 5'-atggactgtggtcatgag-3' (the reverse primer for GAPDH gene), (expected product size=318 bp).
Results
As shown in Figure 1 , bone nodule formation was significantly reduced in MC3T3-E1 cells following treatment with H 2 O 2 .
Following from this finding, we isolated RNA from both H 2 O 2 -treated and untreated cells, and examined differential gene expression using the Affymetrix GeneChip system. The scatter plot of gene expression levels in MC3T3-E1 from both H 2 O 2 - Further experiments to determine the quantitative values altered in the Egr-1 gene expression levels were performed using realtime PCR. The data was converted to mRNA copy unit, and is shown in Figure 5 . A significant reduction of Egr-1 mRNA levels was observed after 6 and 12 hrs after treatment with H 2 O 2 .
Discussion
In the present study, we attempted to identify the effects of Egr-1 gene expression was enhanced by low-intensity pulsed ultrasound 14) , by a short pulse of mechanical force 15) , and by extracellular ATP 16) , which are all well known factors stimulating bone formation. While acute metabolic acidosis, which is known as an inhibitor of bone formation, reduced the induction of osteoblastic Egr-1 and type 1 collagen gene expression 17) . Taken together with the finding presented here, the reduction of Egr-1 gene expression by H 2 O 2 may be involved in bone loss during the aging process.
